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136 Gene silencing 137 Total RNA was extracted from ten field-collected and laboratory reared An. arabiensismosquitoes using 138 TRIzol (Invitrogen) and cleaned with Turbo DNase I (Ambion, UK). Complementary DNA (cDNA) was 139 synthesized by reverse transcribing 1μg of the total RNA using Prime-Script™ 1 st -strand cDNA Synthesis 140 Kit (TaKaRa, UK). DsRNA for the five target genes was synthesized by PCR using specific gene primers 141 tailed with the short T7 promoter sequence TAATACGACTCACTATAGG and the cDNA as a template. The 142 targeted genes includedFN3D1 (AARA003032), FN3D2 (AARA007751), FN3D3 (AARA007751), GPRGR9 143 (AARA003963) andPGRPLC3 (AARA002982). DsRNA for the LacZ gene that served as a control was 144 synthesized using as a template a plasmid containing the LacZ gene. The full primer sequences are 145 shown in S1. table. DsRNA synthesis was carried out using the TranscriptAid T7 High Yield Transcription 146 Kit (Thermoscientific, Lithuania). The dsRNA was then purified using the RNeasy Mini Kit (Qiagen, UK), 147 following the manufacturer's protocol. The concentration of dsRNA was determined 148 spectrophotometrically by Nano drop 1000 spectrometer at 260nm and adjusted to 3μg/μl using ultra-149 pure water. Gel electrophoresis (1%TBE agarose) was performed on a subsample of the PCR products 150 to confirm that products of the expected size were detected for each gene. Zero to two days old An.
151 arabiensis mosquitoes were injected with 69 nl dsRNA specific to a target gene or the LacZ control gene 152 following the RNA interference technique as described by [38] .
153 Gene silencing efficiency was measured for each of the 5 silenced genes using qrtPCR. Quantification 154 of transcript abundance was performed on cDNA synthesized from total RNA extracted from 155 mosquitoes injected with dsRNA three days earlier and maintain on 10% sugar solution. Fast SYBR 9 157 Time PCR system (Applied Bio Systems, UK). Each target gene was quantified in duplicate. The AgS7 158 gene was used as an internal control. Primer sequences are given in S 2. Table. 159 160 Monitoring of mosquito survival 161 The dsRNA injected mosquitoes were put into their respectively labelled cups. For each gene between 162 20 and 30 mosquitoes were injected per replicate. The cups were kept in the microclimate regulatory 163 box described above. The mosquitoes were offered a 10% sugar solution daily and a blood meal every 164 fourth day by direct feeding on a goat. Survival was monitored daily for 25 days, starting 24 hours post 165 injection. For each gene 6 replicates of mosquito injection were performed.
167 Midgut microbiota analysis
168 For microbiota analysis, mosquitoes injected with the specified dsRNA were transferred into their 169 respective labelled cups. For each gene between 20 and 30 mosquitoes were injected and were kept in 170 a microclimate regulatory box. On day four post injection, the mosquitoes were allowed to feed on 171 blood or kept on sugar meal. Twenty-four (24) hours post feeding four blood-fed and four sugar fed 172 mosquitoes were sampled and their midguts were dissected. Individual midgets were homogenized in 173 100 µl 4% Paraformaldehyde (PFA) in Phosphate-buffered saline (PBS). The number of bacteria was 174 quantified using flow cytometry on the five pooled midgut samples for a replicate [38] . A total of 3 175 replicates of dsRNA injections were carried out per gene.
178 DsRNA-injected mosquitoes were placed in 6 different cups, each cup containing 20-30 mosquitoes.
179 The cups were kept in the microclimate regulatory box. On the day of dsRNA injection, the mosquitoes 180 were given a cotton ball soaked in antibiotic cocktail of Streptomycin and Norfloxacin, both a dose rate 181 of 10 μg/mL in a 10% sugar solution. On day 4post injection, the mosquitoes were blood fed on a goat.
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The cotton balls were re-soaked with the antibiotic cocktail every fourth day for a period of 12 days (on 183 days 4, 8and 12). A blood meal was also offered on the same days. The mosquito survival was monitored 
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The mosquito survival following silencing of the target genes compared to control dsLacZ injected 215 mosquitoes is depicted as a function of time for the each of the above genes in Figure 2Significantly 216 higher mortality rates were observed for the FN3D1 knocked down mosquitoes (Hazard ratio, HR=1.64), 217 the FN3D3 knocked down mosquitoes (HR=1.79) and theGPRGr9knocked down mosquitoes (HR=2.00)
218 as compared to the control group, but not for FN3D2 knocked down mosquitoes (HR=1.40),nor for 219 PGRPLC3 knocked down mosquitoes (HR=1.35) ( Table 1) . 237 No statistically significant differences in the bacterial load of the target gene silenced and the dsLacZ-238 injected mosquitoes were observed. The ratio of midgut bacterial count of target gene silenced to the 239 dsLacZ injected mosquitoes is presented in Figure 3 . The ratios for all target gene silenced mosquitoes 240 compared to the control groups (LacZ injected mosquitoes) were above 1, with the highest value for 241 FN3D1 equal to 2.66 (95%CI: [0.94;7.57]) but not significantly different from 1 (P=0.085).
242 We further investigated whether there was a correlation between the mortality hazard ratio and the 243 bacterial count ratio of the different silenced genes, i.e., whether a high mortality hazard ratio of a 244 particular silenced gene corresponds with a high bacterial count ratio for that same gene. The 245 relationship is presented in Figure 4 , and it shows correlation (r=0.61), although it fails to be significantly 246 different from 0(P=0.276). Never the less, treatment of mosquitoes with antibiotics cocktail eliminated 247 the gene silencing effect on survival for all the 5 target genes. No statistically significant differences 248 were noted in terms of mortality between the target genes silenced and the dsLacZ injected 249 mosquitoes, with all hazard ratios being close to 1 (Table 1) . This confirms that the reduced life span in 250 gene silenced mosquitoes is related to disruption of gut microbiota homeostasis. 272 Previous studies inane. gambiae under laboratory settings have demonstrated that the above genes 273 regulate midgut microbiota [31, 35, 38] . Unlike these studies, our work focused on the effect of those 274 genes on the survival of field An. arabiensis populations. Our experimental mosquitoes were captured 275 as larvae or pupae and maintained in an environment emulating the mosquito natural resting habitat.
276 They were also allowed to blood feed on a goat every 4 day, fully reproducing their natural habits. We 278 orGPRGr9expression significantly reduces the longevity of the An. arabiensis mosquitoes to an average 279 of 12, 13and 11days, respectively, compared to a 20-day average longevity of control mosquitoes.
280 The observed effect on the mosquito survival can be attributed to the disruption of the mosquito 281 midgut homeostasis. Although gene silencing did not affect the overall size of the natural midgut 282 microbiota population to a statistically significant extent, two sources of evidence corroborate the role 283 of microbiota in the observed reduction of mosquito survival. Firstly, a correlation (r=0.61) was 284 observed between the mosquito mortality and gut microbiota load. Similarly, overall there was a higher 285 microbiota count in the gene-silenced mosquitoes as compared to the control, although these 286 differences were not statistically significant. Secondly, the observed effect of gene silencing 287 (particularly of FN3D1, FN3D3, and GPRGr9) on the survival was reverted when mosquitoes were 288 treated with an antibiotic cocktail to eliminate their gut microbiota. Our hypothesis that the reduced 289 survival is due to the inability of mosquitoes to control their gut microbiota is also supported by other 290 studies [46] [47] . Furthermore, it has been previously demonstrated that FN3Ds and GPRGr9have a 291 specific effect on microbiota of the Enterobacteriaceae family [35, 38] . Hence, we consider that the 292 observed survival phenotype is partly due to adverse alterations of the mosquito midgut ecosystem 293 resulting in a disrupted or different state of homeostasis and physiology.
294 Our results suggest that interfering with the expression and/or function of these genes can reduce the 295 mosquito lifespan which it turn will significantly impact malaria transmission due to reduced probability 296 of the mosquito surviving the EIP. Such approach is supported by our observation in a separate 297 experiment that the disruption of the expression of neither NF3D1 nor FN3D3 had a negative impact 298 on the sterility index of female mosquitoes or their susceptibility to P. falciparum (data not shown) A 
